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(54) [Title of the Invention] Liquid Crystal Display Apparatus 
(57) [Abstract] 

[Problem] To provide a liquid crystal display apparatus 
having a multilayer structure, which is easily manufactured 
and highly reliable. 

[Means of Resolution] A common flexible wiring board is used 
to supply a signal to gate lines of a multilayer liquid crystal 
display panel. 

[Claim] 
[Claim 1] 

A liquid crystal display apparatus, characterized by 

having: 

gate lines led from pixel electrodes to end faces of 
substrates, 

at least three substrates disposed separately from one 
another, 
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sealing sections sealing peripheries of portions between 
respective substrates, and 

liquid crystal layers enclosed in spaces provided 
between the respective substrates; 

wherein the gate lines on the respective substrates are 
arranged so as to be approximately overlapped with one another 
when they are projected in a direction perpendicular to 
surfaces of the substrates, 

ends of the respective substrates having the gate lines 
thereon are disposed so as to form steps, and 

the gate lines on the respective substrates are 
electrically connected by providing a flexible wiring board 
having common wiring lines corresponding to the respective gate 
lines while bending the flexible wiring board along the steps. 
[Detailed Description of the Invention] 
[0001] 

[Industrial Field to which the Invention belongs] 

The present invention relates to a matrix liquid-crystal 
display apparatus in which multiple liquid crystal layers are 
stacked. 
[0002] 
[Prior Art] 

CRT has been widely used as a display apparatus . However, 
in CRT, since all pixels are displayed by one electron gun, 
large depth is required for display, and furthermore CRT is 
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not suitable for a portable panel in terms of power consumption 
and weight. While a plasma display, an EL display and the like 
may be considered to be given as other displays, any of them 
has a problem for practical use as the portable panel. 
[0003] 

A liquid crystal display apparatus, which is a mainstream 
apparatus among display apparatuses for portable display being 
currently practically used, enables reduction in thickness and 
low-voltage drive, and thus is now widely used as a display 
apparatus for a watch, a calculator and the like . Particularly, 
a display characteristic similar to that of CRT can be achieved 
in a TN liquid crystal display method by incorporating active 
switch elements such as TFTs, and therefore the TN liquid 
crystal display method begins to be used for TV and the like. 
However, in a TN (Twisted Nematic) liquid-crystal display 
apparatus, a use effect of light is low since a polarizing plate 
is used, and backlight is necessary to gain the quantity of 
light, causing increase in power consumption. 
[0004] 

In other liquid crystal display apparatuses, a 
guest-host (GH) liquid crystal display method using dichroic 
dye, and cholesteric selective-reflection liquid crystal 
display method are given as a type of using no polarizing plate . 
When full-color display is attempted using the GH method, it 
is necessary that liquid crystal materials having different 
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colors are disposed in respective sub-pixels, or liquid crystal 
cells are stacked in three layers or more. However, it is 
substantially difficult to dispose several kinds of liquid 
crystals, and in the case of three layers, many difficulties 
occur in manufacturing, such as difficulties in cell assembly, 
injection of a liquid crystal, and mounting of driver IC. 
Similar difficulties may occur even in the cholesteric 
selective reflection method. 
[0005] 

Figs. 8 and 9 show section views showing mounting of 
driver IC, for example, in the case of stacking liquid crystal 
cells in three layers . Fig . 8 shows a view of the liquid crystal 
cells in three layers seen from a lateral side. As shown in 
the figure, seals 61, 62 and 63 are provided between substrates 
18, 16, 14 and 12 provided separately from one another, and 
liquid crystal - layers 17,- 15 and 13 are enclosed in spaces 
between the substrates respectively. In a prior-art 
multilayer liquid crystal display method, flexible wiring 
boards 102, 104 and 106 are connected from a circuit board 100 
to respective layers 16, 14 and 12. Fig. 9 shows a perspective 
view simply showing an aspect of mounting of driver IC. As 
shown in the figure, mounting area is obviously large in the 
prior-art multilayer liquid crystal display method . Moreover, 
in this method, the number of steps for connection (number of 
times of connection) is large, and therefore reliability has 
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been easily reduced. 
[0006] 

[Problems that the Invention is to Solve] 

As described above, there have been many difficulties 
in manufacturing in the prior-art multilayer liquid crystal 
display method. Since a source signal and a gate signal are 
supplied to each of the liquid crystal layers in order to drive 
the liquid crystal layer, a mounting process of driver IC has 
been particularly complicated. The invention was made in the 
light of the circumstance, and an object of the invention is 
to provide a multilayer liquid-crystal display apparatus that 
is easily manufactured and highly reliable. 
[0007] 

[Means for Solving the Problems] 

The invention provides a liquid crystal display 
apparatus characterized by having gate lines led from pixel - 
electrodes to end faces of substrates, at least three 
substrates disposed separately from one another, sealing 
sections sealing peripheries of portions between respective 
substrates, and liquid crystal layers enclosed in spaces 
provided between the respective substrates; wherein the gate 
lines on the respective substrates are arranged so as to be 
approximately overlapped with one another when they are 
projected in a direction perpendicular to surfaces of the 
substrates, ends of the respective substrates having the gate 
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lines thereon are disposed so as to form steps, and the gate 
lines on the respective substrates are electrically connected 
by providing a flexible wiring board having common wiring lines 
corresponding to the respective gate lines while bending the 
flexible wiring board along the steps. 
[0008] 

[Mode for Carrying Out the Invention] 

Hereinafter, the liquid crystal display apparatus of the 
invention will be described in detail with reference to 
drawings. Fig. 1 shows a schematic view showing a section of 
a GH liquid-crystal display apparatus in which three layers 
of cyan, yellow and magenta are stacked. As shown in the figure, 
in the liquid crystal display apparatus, a first substrate 12, 
a second substrate 14, a third substrate 16, and a fourth 
substrate 18 are disposed while being separated from one 
another, and peripheries of portions between the respective 
substrates are sealed by seals 26, 24 and 22, and liquid crystal 
layers 17, 15 and 13 are enclosed in gaps between the substrates 
respectively. On the first substrate 12, second substrate 14, 
and third substrate 16, gate lines are led to ends of the 
substrates respectively. The end of the substrate is more 
extended in a lower stage, forming steps. Connection pads are 
provided on ends of the gate lines respectively. A connection 
31 on a circuit board 10, a connection pad 33 on the end of 
the first substrate 12, a connection pad 35 on the end of the 
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second substrate 14, and a connection pad 37 on the end of the 
third substrate 1 are electrically connected by bending a 
common flexible board 20 along the steps and bonding the board 
20 to the connection and the pads. 
[0009] 

Fig. 2 shows a view for illustrating a position of the 
common flexible board 20, and shows a schematic view in the 
case that Fig. 1 is seen from an obliquely upside . In the figure, 
47, 45 and 43 show the gate lines led to the ends of the 
substrates 16, 14 and 12 respectively. As shown in the figure, 
in the invention, since connection can be made with the 
connection pad 33, with connection pad 35, and with connection 
pad 37 by using the common flexible board 20, connection area 
is reduced compared with that in Fig. 9. 
[0010] 

Fig. 3 shows a schematic plane view of the liquid crystal- 
display apparatus before mounting the flexible board. In Fig. 
3, only gate lines 23 are shown among wiring lines formed on 
the substrates. The gate lines are led to an approximately 
end face of a cell substrate in each layer, and when the liquid 
crystal display apparatus are projected from a top of the 
apparatus, the gate lines in respective layers led to the end 
faces of the cell substrates are approximately overlapped with 
one another. 
[0011] 
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TFTs, pixel electrodes, source lines, gate lines and the 
like are formed on a top of each of the substrates 12, 14 and 
16 shown in Fig. 1. They are formed in the same way as in a 
typical active-matrix liquid-crystal display apparatus. 
Counter electrodes being not shown are formed on a bottom of 
each of the substrates 14, 16 and 18. The counter electrodes 
are also formed in the same way as in the typical liquid crystal 
display apparatus. The TFTs, gate lines, counter electrodes 
and the like are formed on each of the substrates 12, 14, 16 
and 18, and as shown in Fig.l, the four substrates are stacked 
on one another with spacers or seals between them, and GH liquid 
crystals including three colors of cyan, yellow, and magenta 
are injected into spaces between the substrates 12 and 14, 

substrates 14 and 16, and substrates 16 and 18 respectively. 

The three colors may be superposed in an optional way. 

[0012] 

A method of such superposing is the same as in a sealing 
step of a cell in a manufacturing process of the typical liquid 
crystal display apparatus. For the substrates 12, 14, 16 and 
18, insulators such as glass, ceramics, metal core insulating 
materials, and plastic can be used. Here, a glass substrate 
0.7 mm in thickness was used for the substrates 12 and 18, and 
a glass substrate 0.5 mm in thickness was used for the 
substrates 14 and 16. 
[0013] 
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As shown in Fig. 1, the seals 22, 24 and 26 are 
approximately uniform at a display part side (right in the 
figure) , and sealing is made to a point near an end of an upper 
substrate respectively. The purpose of the sealing is to 
prevent a space from being formed in a mounting portion when 
the flexible board 20 as shown in Fig. 1 is mounted on each 
substrate. If the space exists, a substrate may be warped and 
thus sometimes broken. Since the flexible board 2 0 is mounted 
on the connection pad on the substrate by pressing a head onto 
a top of the board 20, a space having an area smaller than a 
surface area of the head is allowed to exist. 
[0014] 

Fig. 4 schematically shows an example of mounting the 
flexible board 20 on the substrate 14. The seal 22 is formed 
in a grid pattern under the substrate 14. An area of a space 
enclosed by the seal is smaller than an area of a head surface 
28. 

[0015] 

While an active substrate having TFTs and the like formed 
thereon was used in the example, a substrate in a type that 
wiring is simply made in X and Y directions can be used. In 
this case, for example, it is possible that wiring is made in 
the Y direction on a top of the substrate 14, and made in the 
X direction on a bottom of the substrate 14. In such a 
configuration, wiring lines in the Y direction are called 
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common lines, and wiring lines in the X direction are called 

segment lines. 

[0016] 

For the flexible board 20, a combination of an insulator 
selected from polymer materials such as polyimide and polyester, 
and a conductor selected from metal materials such as copper 
can be used. Here, a flexible board was used, including 
polyimide as the insulator, copper as the conductor, and wiring 
lines plated with nickel and gold. 
[0017] 

Connection was made with the flexible board 20 in the 
following way. First, wiring lines on the flexible board 20 
and wiring lines on the substrate 16 are aligned with each other, 
and then subjected to thermocompression bonding. 
[0018] 

Next, the connection pad 35 on the substrate 14 is bonded 
by pressing to the flexible board 20, and finally the connection 
pad 33 on the substrate 12 is bonded by pressing to the flexible 
board 20. When the flexible board 20 is bonded by pressing 
to the substrate 14 or 12, the flexible board may be aligned 
with the substrate again. However, since wiring lines are 
straightly formed in a planar configuration as shown in Fig. 
3, such alignment is not necessarily performed. Here, 
alignment was omitted when the substrate 14 or 12 was connected 
to the flexible board 20. 



11 



[0019] 

The flexible board 20 connected to the substrates 16, 
14 and 12 is further connected to the circuit board 10. Driver 
IC for driving the liquid crystal display apparatus is also 
mounted on the circuit board 10. 
[0020] 

While the flexible board 20 was used here, according to 
the invention, a not-shown TAB board on which the driver IC 
was mounted can be used in place of the flexible board. In 
such a case, a circuit for driving the driver IC is formed on 
the circuit board. According to the invention, a common signal 
is supplied via a common board in each case. 
[0021] 

Next, mounting at a source side (X side) and a method 
of manufacturing the source side are described. Fig. 5 shows 
- a section view showing substrates in respective layers and 
showing a configuration of mounting of source lines. Since 
signals supplied to respective layers 16, 14 and 12 are 
different for each of layers, source lines 112, 114 and 116 
are mounted by flexible boards 112, 114 and 116 being 
independent of one another. 
[0022] 

Figs. 6 and 7 show plan views showing another example 
of mounting at the source side. Fig. 6 shows a liquid crystal 
substrate, and Fig. 7 shows a flexible board. In Fig. 6, each 
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of source lines 111 is divided into three near a substrate end. 
Wiring lines on the flexible board are formed so as to be 
corresponding to the divided source lines. That is, a 
structure is given, in which only one flexible board may be 
used to make connection to substrates in three layers being 
independent of one another. When wiring is structured such 
that wiring lines in three layers are independent of one another, 
manufacturing becomes complicated, for example, a mask needs 
to be prepared for each layer, and respective layers being 
determined need to be superposed, which tends to induce 
mistakes in a process. In the wiring structure in Figs. 6 and 
7, only one mask is required for manufacturing, leading to ease 
in manufacturing, consequently mistakes in a process can be 
prevented. 
[0023] 

- As described hereinbefore, wiring in Figs. 3, 6 and 7 
is used, whereby masks or substrates can be made to be common 
to one another. That is, in manufacturing, respective TFTs 
and respective wiring lines are formed on a substrate, then 
the substrate is cut into respective sizes of substrates in 
respective layers, and then the substrates are superposed. 
Thus, a production yield can be improved. 
[0024] 

While an example of the three-layered GH color 
liquid-crystal display-apparatus in a reflection type was 
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shown in the example, the invention can be applied to a 
different liquid crystal display apparatus in a reflection type 
or projection type if such a liquid crystal display apparatus 
has a multilayer structure. Moreover, regarding a display 
method, the invention can be applied to many methods other than 
the GH method, including a cholesteric method and an OCB method. 
[0025] 

[Advantage of the Invention] 

In the liquid crystal display apparatus of the invention, 
gate lines of a multilayer liquid crystal display panel are 
electrically connected by a common flexible board so that a 
signal is supplied, whereby area required for flexible wiring 
boards, which are connected from a circuit board to respective 
layers, can be reduced. Moreover, since the number of steps 
for connection (number of times of connection) can be decreased, 
a production yield is increased, and occurrence of defective 
mounting is reduced, consequently a highly reliable liquid 
crystal display apparatus can be obtained. 
[Brief Description of the Drawings] 

[Fig. 1] It is a schematic section view showing an example 
of a liquid crystal display apparatus of the invention. 
[Fig . 2] It is a view for illustrating a position of a common 
flexible board in Fig. 1. 

[Fig. 3] It is a schematic plane view of an example of the 
liquid crystal display apparatus before mounting the flexible 
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board, 

[Fig. 4] It is a schematic view for illustrating mounting 
of the flexible board. 

[Fig. 5] It is a view for illustrating mounting of source 
lines of the example of the liquid crystal display apparatus 
of the invention. 

[Fig. 6] It is a view showing another example of a liquid 
crystal substrate used in the invention. 

[Fig. 7] It is a view showing another example of the 
flexible board used in the invention. 

[Fig. 8] It is a view for illustrating a prior-art 
multilayer liquid-crystal display-apparatus. 
[Fig. 8] It is a perspective view simply showing a position 
of driver IC in Fig. 8. 

[Description of the Reference Numerals and Signs] 
10 - circuit board 

12, 14, 16, 18 substrate (liquid crystal substrate) 

20 common flexible board 

22, 24, 26 seal 

33, 35, 37 connection pad 

100 circuit board 

102, 104, 106, 112, 114, 116 flexible board 
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